USDA-ARS researchers in Fargo, ND, contributed to the testing of ND901CL for stem rust (caused by Puccinia graminis Pers.:Pers. f. sp. tritici Eriks. & E. Henn.) resistance and grain end-use quality. The name ND901CL was selected because it is a CLEARFIELD-tolerant wheat developed by NDSU intended to be used with BEYOND herbicide (active ingredient imazamox, 2-[4,5-dihydro-4-methyl-4-(1-methyl ethyl)-5-oxo-1H-imidazol-2-yl]-5-(methoxymethyl)-3-pyridinecarboxylic acid; BASF Corporation Research Triangle Park, NC). ND901CL was derived from the 'Teal 11A'/3/'Grandin' (PI 531005)/FS4//*3'Kulm' cross made at NDSU in spring 2002. Grandin and Kulm are two HRSW cultivars released by NDAES in 1989 and 1994, respectively. FS4 and Teal 11 were provided by the BASF Corporation to our breeding program as the source of the als1 (Anderson et al., 2004; Baenziger et al., 2006) and als2 CLEARFIELD herbicide resistance genes, respectively.
Methods

Early Generation Development
ND901CL was developed using a combination of modifi ed bulk and pedigree breeding procedures. The cross leading to ND901CL was made in spring 2002, and F 1 seeds were grown in the fi eld at Prosper, ND, in summer 2002. The F 2 population was grown in the greenhouse in fall 2002 and sprayed with BEYOND herbicide (imazamox) at twice the label rate (i.e., 70 g a.i. ha Similarly, F 3 plots were sprayed at twice label rate with imazamox. Subsequently, four spikes from each F 3 family were harvested, threshed individually, and advanced as F 4 head-row plots in a New Zealand off-season nursery during winter [2003] [2004] . Selected rows from New Zealand were harvested in bulk and tested as F 5 in the preliminary yield trial (PYT) grown at three locations; Carrington, Casselton, and Prosper, ND, in summer 2004. On the basis of yield and other agronomic merits, fi ve spikes were selected from each selected entry included in the PYT. These spikes were then threshed individually and grown as head-row plots in the New Zealand off-season nursery during winter [2004] [2005] . Among the head-rows at New Zealand, one row (NZ-3699) was selected, threshed in bulk, and included in the elite yield trial (EYT) in summer 2005 to produce ND901CL. While selections in the F 2, F 3, and F 4 generations were based mainly on tolerance to imazamox and resistance to leaf diseases, particularly leaf rust (caused by P. triticina Eriks.); selection in other generations also included agronomic merits, particularly plant vigor, height, and earliness. In New Zealand, selection was based mainly on visual uniformity, lack of grain shattering, plant height, and lodging resistance. experiments) conditions. The fi eld FHB nursery was laid out in an RCBD with four replicates and inoculated with F. graminearum using the spray inoculation method described by Rudd et al. (2001) with overhead mist irrigation to enhance disease development. Ten spikes from each plot were selected randomly and were scored for FHB disease severity following the method used by Stack and Frohberg (1997) . Entries were assigned to a hill plot with 8 to 10 plants. Similarly, the greenhouse experiments were arranged in an RCBD with three replicates. The entries were assigned to a 0.5-m row plot.
Line Selection and Evaluation
The reaction type of ND901CL to stem and leaf rusts was done on the basis of six fi eld tests (RCBD, four replicates, and 1-m row plot per replicate) and two greenhouse tests (RCBD, three replicates, and four plants per replicate) in 2006 and 2007. The fi eld tests were conducted at Fargo, Carrington, and Langdon, ND. In the greenhouse experiments, ND901CL was specifi cally evaluated for resistance to the predominant stem rust pathotypes Pgt-TMLK, -QTHJ, -QFCQ, -RTQQ, -TPMK, -THTS, and -TCMJ, as well as leaf rust pathotypes MCDL and THBJ.
Seed Purifi cation and Increase
ND901CL was produced from a bulk of one purifi ed F 4:5 plot selected in 2003-2004 at Christchurch, NZ. ND901CL was further purifi ed by selecting 100 spikes from the quality drill strips (F 8 ) grown at Casselton, ND, in 2005. These spikes were threshed individually and seeded as head-rows at Prosper, ND, in 2006. Nonuniform rows were discarded, and the remaining rows were bulked and seed planted in a winter nursery conducted at Yuma, AZ, as the fi rst seed increase of ND901CL. Further seed increase of ND901CL was continued by the NDSU seed-stock program in summer 2007. The purity of ND901CL was maintained throughout the increase process using visual elimination of off-type plants (taller, different spike color, and presence or absence of awns).
Statistical Analysis
Data were analyzed using SAS 6.0.3 (SAS Institute, Cary, NC). Grain yield and other agronomic data such as grain volume weight from the PYT, EYT, and WQC trials and HRSW-VT were subjected to analysis of variance across locations within years, and a combined analysis across location-years was performed whenever error variances were white, medium long, and midwide with square mediumwidth shoulders and acuminate beaks. ND901CL kernels are midlong, oval, red, and hard textured with a long noncollared brush, a rounded cheek, a midwide and deep crease, and a midsize germ.
ND901CL was observed for eight crop cycles (F 3 -F 10 generations) from 2003 to 2007. It was shown to be uniform and stable during the last four generations of seed increase (head-row increases and large drill-strip increases in 2006, Breeder seed increase in 2006, and Foundation seed increase in 2007). It is expected that ND901CL will remain stable in its essential and distinctive characteristics when sexually reproduced. However, some variants can be observed. These variants are limited to (i) taller plants (5-40 cm) that occur at a frequency less than 2 in 1000 plants and (ii) reduced awns or awnless plants at a frequency of less than 2 in 1000 plants. ND901CL's variants are, however, within commercially acceptable limits for all described traits.
Disease Reactions
ND901CL was developed to target the dryland regions of western North Dakota and parts of eastern Montana. Therefore, ND901CL resistances to major pathogens such as rusts and FHB were not warranted. Compared with the major NDSU HRSW cultivars released recently, ND901CL is generally susceptible to FHB and shows some stem rust symptoms under severe disease pressure ( Table 2 ). The average FHB disease severity (Stack and Frohberg, 2000) recorded on ND901CL from 13 fi eld scab screening tests (52%) was signifi cantly lower (P < 0.05) than the most susceptible check, '2398' (72%). In the same trials, the average FHB severities recorded on Alsen, Glenn, Parshall, Steele-ND, Dapps, and ND 2710 (PI 633976, Frohberg et al., 2004) were 26, 22, 38, 31, 42, and 13%, respectively. Under greenhouse conditions (data not shown), average FHB severity of ND901CL was 57%, signifi cantly (P < 0.05) higher than most severities recorded for the checks except for the susceptible check 2398 (89%).
Field testing and seedling and adult plant screening tests conducted under greenhouse conditions in 2006 and 2007 showed that ND901CL possesses a high level of resistance to pathotype THBL, the predominant race of leaf rust in the region ( Mergoum et al., 2005a) . ND901CL heads the same day as Glenn, Alsen, Reeder, and Steele-ND but 3 d later (P < 0.05) than AP603CL. Straw strength (plant lodging) was measured on a scale of 0 to 9, where 0 = plants were completely erect and 9 = plants totally fl at at harvest. ND901CL was resistant (lodging score = 0.7), similar to Glenn, Parshall, Reeder, and AP603CL; whereas Steele-ND, Alsen, and Dapps were the most susceptible cultivars with lodging scores of 1.9, 1.8, and 1.7, respectively. At early growth stages, ND901CL has an erect growth habit as a seedling with a light-green plant color at the boot stage. Similarly, ND901CL shows an erect fl ag leaf, which is slightly twisted, and a pronounced waxy canopy beyond the boot stage. The spikes of ND901CL are white with awns, middense, and inclined. The glumes are 
Grain Yield Performance and Quality Parameters
Over the 21 location-years (2004) (2005) (2006) (2007) ). In these trials, both AP603CL and AP604CL checks showed some crop injury at 7 to 14 d and 14 to 21 d after spraying, respectively. ND901CL has average 1000 kernel weight (26.2 g), comparable to all checks except AP603CL (23.3 g) ( Table 1) ) was signifi cantly (P < 0.05) higher than Faller (147 g kg ) and comparable to the rest of checks except Dapps (163 g kg -1
). High wheat and fl our protein contents are positive factors, which are especially important in blending in commercial mills and their impact on dough strength and baking properties.
Additional quality parameters including falling number, fl our extraction, dough, and baking parameters for ND901CL and most grown HRSW cultivars in the region, which were included in the HRSW-VT in 2006 and 2007, are reported in Table 4 . The falling number of ND901CL (443 s) was not signifi cantly different from those of the most commonly grown HRSW cultivars Alsen (457 s), Glenn (428 s), Parshall (452 s) and Reeder (456 s). However, Falling number of ND901CL was signifi cantly lower than Steele-ND (476 s) and AP603CL (488 s). The fl our yield of ND901CL, indicated under "Flour extraction" in Table 4 (678 g kg -1
), was not signifi cantly different from the checks. The water absorption, which impacts bread yield in commercial bakeries, of ND901CL (64.9%) was signifi cantly higher than Parshall (63.9%) and Reeder (63.6%), lower than Steele-ND (66.5%), and not signifi cantly different than the other checks (Table  4) . While ND901CL mixed signifi cantly longer (9.7 min) than Reeder (7.8 min), Steele-ND (8.1 min), and AP603CL (7.2 min), it was similar to Glenn (10.8 min), Alsen (10.6 min), and Parshall (9.3 min). The mixing tolerance score (24.9 min), however, was shorter than Glenn (31.0 min) but longer than Steele-ND (19.4 min), AP603CL (19.0 min), and Reeder (17.5 min), and similar to Alsen (23.5 min) and Parshall (21.1 min). The loaf volume of ND901CL (1042 mL) was signifi cantly higher than Alsen (991 mL), lower than Glenn (1061 mL) and Parshall (1060 mL), and comparable to Reeder (1010 mL), Steele-ND (1022 mL), and AP603CL (1016 mL).
In the WQC trials (data not shown), ND901CL had signifi cantly higher average wheat and fl our protein contents, higher kernel weight; higher farinogram water absorption, dough stability, and time to breakdown; and higher mixogram-midline peak value than Glenn. However, Glenn had higher average grain volume weight, higher fl our extraction, lower b* fl our color, lower fl our ash, and higher mixogrammidline peak time than ND901CL. ND901CL and Glenn had similar fl our color brightness (L* value) values, but also had a lower b* value, indicating less yellowness in the fl our than ND901CL. Flour ash values were exceptionally low seed sample has been deposited in the USDA-ARS National Center for Genetic Resources Preservation.
for both ND901CL and Glenn, while fl our extraction was excellent. Both ND901CL and Glenn had excellent fl our water absorption. Farinogram dough stability and time to breakdown were excellent for ND901CL and well within the acceptable range. Mixogram-midline peak time was within an acceptable range for both ND901CL and Glenn, both greater than 3 min desired by commercial bakers. The mixogram-midline peak value, a measure of dough strength, was 58.6% for ND901CL, near the optimal 60% value desired by commercial bakers, and was signifi cantly higher than the 54.5% peak value for Glenn.
Seed Availability
ND901CL contains a patented herbicide tolerance trait owned by BASF Corporation that confers tolerance to imidazolinone herbicides, such as imazamox. Any use of ND901CL requires a Material Transfer Agreement (for research use only) or a Commercial License to the trait, as well as permission from the originator. Breeder seed of ND901CL will be maintained by the Seed Stocks Project, Agricultural Experiment Station, North Dakota State University, Fargo, ND 58108-6050. Multiplication and distribution rights of other classes of certifi ed seed have been transferred from NDSU to the NDSU Research Foundation, 1735 NDSU Research Park Drive, Fargo, ND 58108-6050. Contact the corresponding author for all seed requests of ND901CL. The corresponding author will forward the request for seed to BASF Corporation. No seed will be distributed without written permission from both BASF Corporation and NDSU Research Foundation. Protection for ND901CL will be applied for under the U.S. Plant Variety Protection (PVP) Act for Foundation, Registered, and Certifi ed seed. A 
